Chthamalus spp. (Cirripedia: Balanomorpha) are common barnacles in the high shore region of the intertidal worldwide (Newman and Ross, 1976) . In the Western Pacific region, five species have been described, including Chthamalus antennatus Darwin, 1854 (Australia); C. challengeri Hoek, 1883 (Japan); C. sinensis Ren and Liu, 1984 (South China Sea) ; C. malayensis Pilsbry, 1916 (Indo-Pacific region); and C. moro Pilsbry, 1916 (South China Sea) (Southward and Newman, 2003) . Recently, a new species, C. neglectus, was described in Hong Kong, the adult morphology was different from all Chthamalus species previously described (Yan and Chan, 2004) . Chthamalus neglectus belongs to the ''challengeri'' group of Chthamalidae. The objectives of the present study are to investigate the larval morphology of this recently recognized species and to compare it to the larval morphology of other Chthamalus species of the region.
MATERIALS AND METHODS
Adult Chthamalus were collected during April-May 2001 from the mid-shore (1.25-1.5 metres above Chart Datum) at Cape d'Aguilar. Egg masses were removed, and larvae were cultured following the method of Yan and Chan (2001) and Yan (2003) . During larval development, 20 larvae of each stage (stage I to the cypris) were collected and preserved in 30% ethanol to determine their morphology (Miller, 1994) . Preserved exuviae and larvae were dissected with fine needles and observed under a light microscope. Drawings were made with the aid of camera lucida, and measurements were made with a calibrated ocular micrometer.
The total length was measured from the front margin of the cephalic shield to the tip of the dorsal thoracic spine. The shield width was measured at its widest point and its length from its anterior margin to the posterior margin. The depth of the cyprid larva was measured as the maximum distance between the dorsal and ventral margins of the shield, and cyprid length was measured from the anterior to the posterior carapace margins.
The setation of the limbs was determined using the notations of Newman and Ross (2001) and setal terminology as modified by Lang (1979) and Branscomb and Vedder (1982) . Larvae were fixed in 2.5% glutaraldehyde (seawater base) for 1 h, rinsed in distilled water for 1 min, then dried progressively in ethanol (30%, 50%, 75%, 95%, and 100%), critical-point dried, and coated in gold-palladium before observations of the structure and surface sculpturing of the carapace, labrum, and fronto-lateral horns were made using an SEM.
RESULTS
Larval development of Chthamalus neglectus proceeds through six naupliar stages and a nonfeeding cyprid stage, the typical pattern of development in cirripeds. Nauplii of Chthamalus neglectus have a convex, globular cephalic shield with a posterior spine, the so-called dorsal-thoracic spines at stages II and III which move out to the trunk from stages IV to VI (Fig.  1) . The fronto-lateral horns are directed laterally, and the unilobed labrum bears numerous spines. Between stages II and III, the dorsal thoracic spine becomes shorter than the cephalic shield. In addition to common simple (S) and plumose (P) setae, the mandible bears cuspidate (C) setae, and the antenna possesses one hispid (H) Naupliar length increased from 189 lm at stage I to 456 lm at stage VI, while cyprid length ranged from 410 lm to 430 lm (Table 2) . Nauplius I: Mean length 189 6 7 lm (mean 6 SD). The pear-shaped cephalic shield has a pair of anterior fronto-lateral horns folded back parallel with the long axis of the body and a posterior spine. The trunk and its spines are short, thick and similar in length. All setae on the antennules, antenna, and mandibles are simple (Figs. 1-4) .
Nauplius II: The cephalic shield, including the posterior spines has doubled in length (265 lm, Table 1 ), and the shield has become globular in shape. The anterior shield margin is smooth, but the posterolateral shield margins each have 6-10 fine spines (Fig. 1) . A pair of lateral gland spines was observed (Fig. 5A) . No pores were observed on the dorsal surface of the cephalic shield, a pair of single setae was observed on the frontal part of the shield (Fig.  5F ). The fronto-lateral horns are bent slightly in a posterior direction when compared to stage I and have about 16 pores running along their ventral sides (Fig. 5C ). On the ventral side of the fronto-lateral horns, there are five small protruding spines; two short dorsal stylets are present, which are not fused with the rim of the open distal end of the horn (Fig. 5C ). The labrum bears six to nine spines plus slender setae (Figs. 1, 5A). A pair of frontal filaments (FF) was observed on the anterior side, which continue to be present in all subsequent stages (Fig. 5A ). The dorsal thoracic spine has small teeth and is longer than the trunk, which has a pair of large serrated spines and a bifurcated ramus (Figs. 1, 5A ).
Nauplius III: The larva has increased in total length (303 lm) and width (187 lm) when compared to stage II (Table 1 ). The dorsal thoracic spine is now barbed and consistently longer than the trunk (Fig. 1) . A pair of large (Burrows et al., 1999; Egan and Anderson, 1989; Lee, 1999; Miller et al., 1989 teeth at the corners of the free end of the labrum (Fig. 1) and a preaxial seta present on the antennules (Fig. 2) are diagnostic features of stage III nauplii. Nauplius IV: At this stage, the dorsal thoracic spine has separated from the cephalic shield. A second pair of large spines has emerged close to the base of the furca, and the dorsal thoracic spine is still longer than the trunk (Fig. 1) . The number of spines on the posterior-lateral surface of the labrum is the same as for stage III, and, subsequently, stage VI (Figs. 1, 5D ).
Nauplius V: The cephalic shield has increased in size (Table 1) , but the general shape remains similar (Fig. 1) . The dorsal thoracic spine remains barbed, but is now shorter than the trunk, where a third pair of spines (series 3) has appeared (Fig. 1) . The presence of three preaxial and five post-axial setae on the antennules is a diagnostic feature of this nauplius stage (Fig. 1) .
Nauplius VI: The body shape tapers more towards the posterior as compared to stages IV-V (Figs. 1, 5B ). The mean larval length at this stage is 456 6 15 lm. A pair of setae was also recorded on the frontal part of the shield. In the later development of this stage, a pair of internal compound eyes becomes clearly visible on either side of the median nauplius eye under the light microscope. Nauplius VI is also easily distinguished from other stages by the six pairs of spines occurring on the trunk. Cypris: The shield is 415 lm in mean total length and 212 lm in mean height (Fig. 6A) . The anterior region of the body contains numerous oil droplets. The trunk supports six pairs of thoracic limbs and a posterior caudal furca. Median and compound eyes are present in the anterior region of this larva. Under the SEM, the shield has a smooth outer surface, but scattered setae are distributed irregularly on the dorsal surface (Fig. 6B) . A pair of fronto-lateral horn pores is located on the ventral surface of the anterior part of the carapace close to the ventral margin of the valve (Fig. 6C) . The second segment of the antennule bears one postaxial spine (P2 in Fig. 6D ) and the third segment is a cup-shaped circular attachment disc with two radial setae (RS in Fig. 6D ). The fourth segment of the antennules bears four subterminal setae (ss in Fig. 6D ) and five terminal setae (two long setulated setae (a, b), one small seta (c), one long smooth seta (d), and one long, thick and sculptured seta (e) in Fig. 6D ). Five pairs, two anterior (Fig. 6E ) and three posterior (Fig. 6F) , of lattice organs are observed.
DISCUSSION
The morphology of the larvae of Chthamalus neglectus differs considerably from the larvae described for other species of the ''challengeri'' group (C. challengeri, C. antennatus, C. montagui Southward, 1976 , and C. dalli cf. Southward and Newman, 2003) . The differences include the teeth of the labrum, the shape of the cephalic shield, and the setation of the appendages, as noted in Table 1 . This demonstrated that the interspecific variations of setation of Chthamalus spp. can occur within the same group, contrary to the findings in et al. (1989) that there were no differences in setation between C. dalli and C. fissus, which belong to different groups of Chthamalus.
The unilobed labrum of C. neglectus has five to nine teeth at stage II, and one pair of teeth at the corners of the free distal end at stages III to VI. In C. challengeri, the labrum has slender setae with sparse teeth from stage II to stage VI (Lee, 1999) . In C. montagui, the stage II larva has four to seven teeth on the labrum, whereas C. dalli has seven to nine teeth. In larval stages III to VI of both C. montagui and C. dalli, there is one pair of teeth at the corners of the free distal end (Miller et al., 1989; Burrows et al., 1999) . The cephalic shields of C. neglectus is round in stage IV, becoming triangular at stage VI, in contrast the cephalic shield of C. challengeri, C. dalli, and C. montagui, which are circular in stages IV to VI (Miller et al., 1989; Burrows et al., 1999; Lee, 1999) . In Hong Kong, another Chthamalus species, C. malayensis, occurs together with C. neglectus on rocky shores (Foster, 1982; Morton and Morton, 1983; Yan and Chan, 2001) . It belongs to the ''malayensis'' group, according to Southward (1976) , Southward et al. (1998) , and Southward and Newman (2003) , and therefore differs from C. neglectus in the first and second cirral characters for adult individuals (Yan and Chan, 2004) . The two species do, however, show some similar features of larval morphology, e.g., common simple (S) and plumose (P) setae, the mandibles bearing cuspidate (C) setae, and the antennae possessing one hispid (H) and several feathered (F) setae (Yan and Chan, 2001 ). These species, however, show different larval morphological characters under the SEM. The fronto-lateral horns of stage II nauplii of C. neglectus have a different external appearance in comparison with those of C. malayensis. A few small spines protrude from the surface of the fronto-lateral horns of C. neglectus, whilst C. malayensis has a smooth surface (Yan and Chan, 2001 ). In C. malayensis, the unilobed labrum has six to nine teeth at stage II, one pair of teeth at the corners of the free distal end at stage III, and two pairs of teeth during stages IV-VI, which is different from those of C. neglectus, which have two teeth on the labrum during stages II to VI. The smooth cyprid carapace of C. neglectus is also different from that of C. malayensis, which has a honeycombed surface (Yan and Chan, 2001 ). Both C. malayensis and C. neglectus have the same arrangement of lattice organs (LO), with a 2þ3 pairing on the outer surface of the cyprid, similar to the general pattern for the LO in all reported barnacle cyprids (Høeg et al., 2004) . Chthamalus neglectus, however, has a long and flat LO, but C. malayensis has a setae-like keel LO situated in a deep depression (Yan and Chan, 2001) .
In comparisons to Chthamalus challengeri, C. dalli and C. montagui, C. neglectus is clearly a new species in terms of larval morphology, in addition to the adult morphology previously described (Yan and Chan, 2004) .
